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Abstract
The surprising low TOTEM datum ρpp = 0.09±0.01 at 13 TeV [1] generated
an important flux of papers, which can be classified in three categories: 1) papers
which claim that this result is the first experimental discovery of the Odderon,
namely in its maximal form; 2) papers which tried, without success, to find
alternative explanations of this result; 3) papers which contest the discovery of
the Maximal Odderon.
In the present short note we discuss two recent papers belonging to the third
category.
O.V. Selyugin and J.R. Cudell [2] make the claim that the contribution of the
Maximal Odderon is small at t = 0 and
√
s = 13 TeV. This claim is wrong for the
following reasons:
1. The authors of Ref. [2] include a non-Maximal Odderon in their HEGS model
and impose that ρpp is approximately equal to 0.12, namely ρpp = 0.13±0.015
at 13 TeV. This value is obviously far from the TOTEM experimental value. A
lowering of 0.03-0.04 of the ρ-value is impossible to obtain without the Maximal
Odderon, which therefore is required by the measured ρ value.
2. The same authors get a value of σt = 106±2.5 mb at 13 TeV and they claim that
this result is in agreement with the TOTEM value σt = 110.6±3 mb. However, in
getting their result, they allow an arbitrary additional normalization coefficient
which, they say, ”reflects the systematic errors“. In fact, this way of treating
systematic errors is in contradiction with the experimental systematic errors.
Such an arbitrary lowering of σt TOTEM value (corresponding to a behavior of
σt milder than ln
2 s) is not allowed.
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3. The same authors consider in their fits only the data above
√
s=100 GeV, because
they say that they want ”to avoid possible problems connected with the low-
energy region“. This procedure is not satisfactory because it is precisely in the
region below 100 GeV, namely at 52.8 Gev, a quite strong signal on the Odderon
was obtained at ISR [3].
4. On a more theoretical level, the authors claim that the real parts of the final
scattering amplitude grow asymptotically like ln s ”as required by the analytical
properties of the amplitude“ (non-Maximal-Odderon), and not like ln2 s (Maxi-
mal Odderon). This statement is wrong as proved in the past, in the first paper
introducing the Maximal Odderon [4]. The claim of the authors is based upon
a result of J. Finkelstein et al [5], which is by no means a rigorous theorem but
an elaborated model in the framework of eikonal unitarization of the Odderon
as a single pole in complex momentum plane. Moreover, the authors themselves
of Ref. [4] assert this fact, not excluding that in future one can find a way to
accommodate in the respective approach the Maximal Odderon [6].
L. Harland-Lang, V. Khoze, A. Martin and M. Ryskin (HLKMR) [8] go further and
they strongly claim that the Odderon is ”elusive“, in other words is not seen at LHC.
In fact the Durham group V. Khoze, A. Martin and M. Ryskin (KMR) published in
the last year a series of contradictory preprint versions: in some of these papers the
Odderon is needed and in others it is not. This simply shows that the ”global“ KRM
model is not stable in its predictions. But before showing why the claim of an ”elusive
Odderon“ is not correct, let us clarify an important theoretical point.
KMR repeatedly say that the Maximal Odderon violates unitarity. This statement
is wrong and has its source in a logical misunderstanding. We clarified this point
more than a quarter of century ago. In 1992 in a rigorous way, a class of amplitudes
with the Maximal Odderon type of asymptotics and simultaneously consistent with
s-channel unitarity, fixed-t analyticity and the absence of J = 1 massless state in
the t-channel was considered [7]. We explicitly stated that, in our case, the complex
phase in the impact parameter amplitudes is bounded when s is going to infinity, in
contradistinction to the case of models yielding black disk asymptotics. But KMR are
using precisely the black disk asymptotics. Therefore they make a logical vicious circle:
they eliminate from the beginning the Maximal Odderon and, at the end, they deduce
that the Maximal Odderon violates unitarity. Let us note in passing that KMR never
quoted Ref. [7].
The unitarization method to solve the Finkelstein-Kajantie problem which is con-
sidered by KRM is correct only at Black Disk Limit. Moreover, their solution does not
work in the case of multigap diffractive production processes because of Abramovsky-
Gribov-Kancheli cancelations (exactly as for one particle inclusive production in the
central region of rapidity). Generally, if KRM S2(b)-method does not work it does
not mean that unitarity is violated. It means that another method of unitarity recov-
ery should be applied. The simplest method based on the Dyson-Schwinger equations
for Froissaron propagators and 3F-vertexes (depending on angular momenta of Frois-
sarons) was suggested in Ref. [9]. It can be extended for FMO model.
Now we show why the claim of an ”elusive Odderon“ is not correct:
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1. The form of the Odderon took by HLKMR (see Figure on ρ in Ref. [8]) is over-
simplified and has nothing to do neither with the Maximal Odderon nor with the
general theory of the Odderon.
2. They are in disagreement with the UA4 p¯p data on dσ/dt and TOTEM 7 TeV
pp data (see Figure on dσ/dt in Ref. [8]).
3. They are in complete disagreement with the dσ/dt D0 p¯p data, crucial for showing
explicit Odderon effects when took in comparison with the dσ/dt TOTEM data
at 2.76 TeV [10] (which are not quoted by HLKMR).
4. Generally, the effects of the Max-
imal Odderon were not observed
at the experiments at lower than
LHC energy (excepting the ob-
servation of the difference in pp
and p¯p in the region of the dip
at
√
s=52.8 GeV [3]) because
the real part of Maximal Odd-
eron becomes visible only at en-
ergies higher than about 2 TeV.
It can be seen from the Figure
1, where the partial contributions
are shown. They are calculated
using the parameters obtained in
the Ref. [11].
The solid blue (red) line is the real (imag-
inary) part of the crossing-odd contribu-
tion (Eqs. (9, 11, 13) from [11])
5. HLKMR completely neglect the important model-independent result of Cso¨rgo¨ et
al. [12], which is in total agreement with the Froissaron-Maximal Odderon model
[13]: the slope in pp scattering has a different behavior in t than the slope in p¯p
scattering. This phenomenon is a clear Odderon effect.
In conclusion, models which try to negate the Odderon effects violate the pp
TOTEM data, the p¯p D0 data or both on measured observables such as the total
cross-section, ρ, the dip-region in the differential cross-section. Actually, in 2018 the
existence of Odderon is fully established by TOTEM pp data at the LHC, both at
t = 0 and t different from 0 (as well as by D0 p¯p data at the Tevatron). Ultimately,
the Odderon was discovered experimentally.
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